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(54) Contactless potentlometric position transducer device with high linearity 



(57) A contactless position transducer having high 
transduction linearity, comprising a resistive track (2) 
provided with a capacitive wiper (4) which can slide 
without contact thereon, the particularity of which is the 
fact tiiat the resistive ti-ack (2) is supplied, at its termi- 
nals, with a potential difference (Uref 1 -Uref2) in order to 
transfer charge to the capacitor of the wiper, and in that 
it also comprises high-gain amplifier means (10) to 
which rectifier means (11) and integrator means (12) 
are cascade-connected; the output of the integrator 



means (12) is fedbackto both terminals of tiie resistive 
track (2); the rectifier means (1 1) allow to transfer to the 
resistive trad^ (2) a voltage which corresponds to ttie 
charge transferred to the capacitor of tiie wiper (4) as a 
consequence of the initial application of the potential dif- 
ference, the voltage value ttiat conesponds to the 
charge being proportional to the position of the wiper (4) 
along the resistive track (2). 
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Description 

The present invention relates to a potentiometric 
position transducer device of the contactless type with 
high transduction linearity. s 

It is known that transducers are devices which can 
convert one form of energy into another: when their 
function is to detect the value of an input quantity and 
convert it into a value of another quantity, they are also 
known as measurement transducers or sensors. io 

The characteristic parameters of a transducer are: 
the physical quantity measured, the operating range, 
the reference value (zero setting), the transfer function 
or static characteristic (relation between the electric out- 
put quantity in output and the physical quantity in input), is 
type of output signal (analog or digital), sensitivity, reso- 
lution, error, dynamic characteristic (response time, rise 
time, settiing time, time constant, damping characteris- 
tics, frequency response) and drift 

Among the various kinds of transducer, one of the 20 
most widely used is the resistive one, which can be pro- 
vided for example by means of a potentbmeter in which 
the output voltage is a function of the movement of a 
wiper. The movement can be linear or angular and the 
output quantity can have a linear or logarithmic or expo- 2S 
nential behavior 

The advantages of potentiometric transducers are 
low cost, high output voltages, the possibility to operate 
with AC or DC supply, and easy calibration. 

The drawt^acks of this kind of transducer are high 30 
friction, high noise, wear, sensitivity to vibrations and 
limited frequency response. 

Potentiometric transducers are generally used to 
detect the following quantities: linear and angular move- 
ments; positions; angular velocities and accelerations. 35 

Capadtive transducers are also known which do 
not require physical contact for transduction and in 
which a change in capacitance causes a change in fre- 
quency. 

Instead of tiie brush that slides on tiie resistive ele- 40 
ment. in capacitive transducers the signal is acquired 
with a capadtive wiper, which receives a charge which 
is a function of the position along the measurement 
patfi, exactiy as in tiie contact-type system. 

The advantages of tiiis solution are substantially of 45 
two kinds: 

a) all tiie problems of electrical and mechanical 
wear, typical of the resistive collector tracK are <^ 
eliminated. This allows to use it even in the increas- so 
ingly numerous applications in which speed, accel- 
eration and cycle rate have up to now prevented or 
strongly limited the use of potentiometric transduc- 
ers. 

b) improvement in microlinearity and microgradient ss 
values of the transduced signal, which is no longer 
influenced by electrical contact spot noise. 



In this regard, the charts of Figures 1 and 2 plot the 
nonlinearity error of a potentiometric transduce of tiie 
contact and contactiess types, respectively, in which the 
axis of the ordinates plots the percentage error, whilst 
the axis of the absdssae plots the length of the meas- 
urement track in centimeters. 

Rgure 3 instead shows the transduction system of 
tiie contactiess type, which compr^es a metallic sup- 
port 1 which accommodates the potentiometric track 2 
and the collector track 3. and a moving wiper 4 with two 
metal plates which are mutually electrically connected; 
each plate feces one of tiie tracks. 

The moving wiper 4 slides on the tracks witiiout 
making contact therewith. 

The capacitance of tiie wiper 4 is therefore the 
resultant of the series formed by tiie two capacitors that 
each plate fornns witii the underlying track. 

A voltage source 5 supplies the terminals of the 
potentiometric track 2. 

Rgure 4 is a view of the equivalent drcuit of tiie 
embodiment shown in Figure 3. 

In Figure 4. Cr and Ck are, respectively, the cursor- 
potentiometric track capadtor and the cursor-collector 
track capacitor. Cd1. Cd2 and Cd3 are instead the par- 
asitic capacitors, distritsuted toward the grourxi of the 
resistive track 2. of the wiper 4 and of the collector track 
3. respectively The values of Cdl and Cd3 are very 
high, with very high variability along the transduction 
path. 

For this reason, the signal Va is very small and var- 
iable and the correctness and stability of tiie output sig- 
nal of the transducer deperxi exclusively on the quality 
of the electronic measurement circuit tiiat detects Va. 

An example of contactiess position transducer is 
given by the circuit solution shown as a block diagram in 
Figure 5. in which four measurements steps are used; 
said steps are designated by a, b, c and d in tiie left por- 
tion of said figure and are indicated in the right portion 
of sakf figure. 

During steps a and c, the resistive track 2 is sup- 
plied with a square-wave AC voltage with a 180^ offset 
so as to obtain, with two successive measurements, a 
voltage value which corresponds to the position of tiie 
wiper with respect to each one of the two ends of the 
resistive track 2. The charge, transferred onto the col- 
lector track, is converted into a voltage by an integrator 
followed by an amplifier (both of which are generally 
designated by the reference numeral 6) and synchro- 
nously stored witii a sample and hokl drcuit (A and B). 
Steps b and d allow to reset the integrator between one 
measurement cycle and the next 

The measurement signal in output is designated by 
S and is otitained in output from an amplifier/buffer cir- 
cuit 7, 

The chart of Figure 6 plots the two voltages A and 
B and shows that they are exactly mirror-symmetical; 
since the voltages always represent the same total 
movement patii. in the absence of errors their sum must 
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always be constant. 

A PI regulator and adder circuit 8, which compares 
the stored values of A and B with a highly stabilized ref- 
erence voltage, allows to keep the sum of A and B con- 
stant. The output of the circuit 8 controls by feedback s 
the amplitude of the AC supply voltage of the resistive 
track 2. 

Although the above descrtoed system provides 
good transduction results, it has some drawbacks. 

First of all, the adjustment dynamics (range of the io 
output voltage) of the PI circuit 8 is necessarily limited 
by the supply voltage and by the gain of the input stage. 

Furthermore, since the total capacitance of the 
wiper Is very low whilst the distributed parasitic capaci- 
tances are high and highly varlat>le (since they are is 
linked to the physical length of the transducer), it is nec- 
essary to adapt both the value of the capacitance of the 
input integrator 6 and the subsequent gain according to 
the type of transducer used (i.e., according to its length 
and to the dielectric that is used). so 

Finally, since it must measure and quantize the 
charge transferred in steps a and c. the system must 
constantly charge and discharge the considerable para- 
sitic capacitances of the resistive track and off the collec- 
tor track. This entails a distributed and non-distributed 2S 
shunt effect which alters the linearity of the resulting 
transduction, especially at the ends of the stroke of the 
wiper. 

The aim of the present invention is therefore to pro- 
vide a potentiometric position transducer of the capaci- 3o 
tive contactiess type which offers high transduction 
linearity. 

Witiiin the scope of tfiis aim, an object of the 
present invention is to provide a potentiometric position 
transducer of the contactiess type which does not 35 
require a compensation voltage variation as in a PI reg- 
ulator. 

Anotiier object of the present invention is to provide 
a potentiometric position transducer of the contactiess 
type in which the transduction circuit can be adapted 40 
without any modification to transducers of different 
lengths and kinds. 

Another object of the present invention is to provide 
a potentiometric position transducer of the contactiess 
type in which the measurement error introduced by tiie 45 
presence and variation of parasitic capacitances is as 
limited as possible. 

Another object of the present invention is to provide 
a potentiometric position transducer of the contactiess 
type which is highly reliable and relatively easy to man- so 
ufecture at competitive costs. 

This aim. these objects and others which will 
become apparent hereinafter are achieved by a contact- 
less position transducer having high transduction linear- 
ity, conprising a resistive track provided with a ss 
capacrtive wiper which can slide witiiout contact ther- 
eon, characterized in that said resistive track is sup- 
plied, at its terminals^ witii a potential difference in order 



to transfer charge to tiie capacitor of said wiper, and in 
tiiat it also comprises high-gain amplifier means to 
which rectifier means and integrator means are cas- 
cade-connected, the output of said integrator means 
being fedback to both terminals of said resistive track, 
said rectifier means allowing to transfer to said resistive 
track a voltage which corresponds to the charge trans- 
ferred to the capacitor of said wiper as a consequence 
of tiie initial application of said potential difference, the 
voltage value that con-esponds to said charge being 
proportional to tfie position of sard wiper along the resis- 
tive track. 

Further characteristics and advantages of tiie 
Invention will become apparent from the description of a 
preferred but not exclusive embodiment of tiie device 
according to the invention, illustrated only by way of 
non-limitative example in the accompanying drawings, 
wherein: 

Rgure 1 is a chart which plots the error in a conven- 
tional contact potentiometer; 
Rgure 2 is a chart which plots tiie error in a contact- 
less-type potentiometer according to the present 
invention: 

Rgure 3 is a perspective view of the contactiess- 
type position transducer used in ttie present inven- 
tion as well; 

Rgure 4 is a view of the equivalent circuit of the 
transducer off Rgure 3; 

Rgure 5 is a circuit diagram off a conventional con- 
tactiess position ti-ansducer; 
Rgure 6 is a chart of the voltages obtained in the 
conventional device of Figure 1 ; 
Rgure 7 is a block diagram of the transducer 
according to the present invention; and 
Rgure 8 is a circuit diagram of the transducer 
according to the present invention. 

Rgures 1 to 6 have already been descrbed earlier 
and therefore are not described further hereinafter to 
avoid redundant explanation. 

Accordingly, with reference to Figures 7 arxJ 8, the 
transducer according to the present invention com- 
prises a resistive track (again designated by the refer- 
ence numeral 2), and a collector track (not shown) on 
which a capadtive wiper 4 slides without contact. A 
highly stabilized potential difference (Uref1-Uref2) is 
applied to ttie terminals of the resistive track 2. 

The charge transfen-ed onto tfie capacitor of the 
wiper 4 is sent to a high-gain amplifier drcuit 10 and 
then passes through a synchronous rectifier 1 1 and 
then through an integrator 12, whose output is con- 
nected to a normalization stage which is constituted by 
an amplifier/buffer 13, finally obtaining the measure- 
ment signal S in output. 

With reference to Rgure 8, the reference symbols 
R1 . R2 and R3 designate a resistive divider with associ- 
ated buffer 17 for generating ttie voltages Ureffi and 
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Uref2 from which the potential difference Uref1-Uref2, 
to be applied in a first operating step to the terminals of 
the resistive track 2. is obtained. 

The switch 1 8 has the purpose of selecting the zero 
and maximum-value end as regards the direction of var- 
iation of the output voltage. 

The reference numeral 14 designates an integrated 
circuit for switching the operating steps (first step and 
second step), provided with a corresponding buffer 15 
which altows to eliminate the errors due to the internal 
resistance of the integrated circuit 14. Said integrated 
circuit includes three switches for switching from step a 
to step b in the three points of the circuit that are high- 
lighted in Figure 7. 

The block 16 inverts the voltage in output from the 
integrator circuit 12 in order to allow the circuit 13 with 
the trimmers 19 and 20 to calibrate the output value of 
the transduction signal 8. 

With reference to Figures 7 and 8, the operation of 
the transducer according to the present invention is as 
follows. 

In a first step, step a, a potential difference (a highly 
stabilized low-value one) (Uref1'Uref2) is supplied to 
the resistive track 2. which acts as a divider for the 
charge transferred to the capacitor of the wiper. The 
charge transferred to the capacitor of the wiper, con- 
verted into a voltage, is highly amplified before being 
rectified in a synchronous rectifier, which sends a nega- 
tive rectified voltage to the integrator 12. Since the inte- 
grator also has a high gain, total amplification is very 
high. 

The output of the integrator 1 2 is connected, in step 
b. to both terminals of the resistive track 2, which thus 
acts as passive resistor. 

During step b, the synchronous rectifier 1 1 inverts 
the signal in input to the integrator 12. 

Therefore, to allow the system to be in equilibrium, 
the charge transferred onto the capacitor of the wiper 4 
in step a must be equal to the charge transferred in step 
b. and therefore the voltage value provided at the resis- 
tive track 2 must be exactiy equal to the one obtained 
from the potentiometric division performed in step a. 

In this manner, a balancing is provkled which is 
similar to the balancing performed with scales in which 
a weight of unknown value is placed on one pan and in 
order to balance the imbalance of the other pan it is nec- 
essary to place in contrast a weight which eliminates the 
imbalance. 

In this case, the potential difference applied in input 
during step 1 to the resistive track 2 causes an imt>al- 
ance in the system, with a charge transfer whose value 
is proportional to tiie position of the wiper 4 along the 
resistive track 2 and corresponds to a value of potentio- 
metric division of the input potential difference. 

At this point, balancing of the system is achieved, 
with step b, by returning in input to tiie resistive track a 
voltage wfiich is exactly equal in value to the one 
obtained by means of the potentiometric division of step 



a. During this step b. the supply of the potential differ- 
ence in input to the terminals of the resistive track is 
interrupted by means of the switches that are present in 
the integrated circuit 1 4. 

5 In our case, the amplification chain constituted by 
the amplifier 10, by the rectifier 1 1 and by the integrator 
12 has the purpose of higNy amplifying the potential dif- 
ference (A Vx) which is obtained, as a consequence of 
the charge transfer, on the wiper 4 in step b (Vbx) with 

10 respect to the potential difference transfen^ed in step a 
(Vax). so as to achieve its canceling with high speed 
and resolution ( A Vx = Vbx-Vax ). 

This canceling occurs only when the system is in 
equilibrium, i.e.. when the voltage in output from the 

75 integrator 12. applied to tiie terminals of the resistive 
track in step b. is perfectly equal to the voltage obtained 
by the potentiometa-ic division of the reference voltage in 
step a. 

Since said reference voltage (Uref 1 -Uref2) is 
20 known and stable, the value of the output S (normalized 
in the blod< 16) is an exact measurement, in terms of 
voltage, of the mechanical position of the wiper along 
the travel axis. 

In practice it has been found that the transducer 
25 according to the invention fully achieves the intended 
aim. since it allows to achieve highly linear and sensitive 
position transduction without having to adapt the trans- 
ductbn circuit to tiie various lengtiis and types of trans- 
ducer. 

30 Furthermore, the absence of any kind of quantiza- 
tion of the charge tiransfered onto the capacitor of tiie 
wiper allows to eliminate the dependence of the trans- 
ductk>n signal on tiie charging and discharging of the 
parasitic capacitors of the tracks, tiius allowing to 

35 achieve high trar^uction linearity. 

The charge-balancing technique used in the trans- 
ducer according to the present invention thus allows to 
achieve better results than conventional kinds of sys- 
tem, with the advantage of using only two operating 

40 Steps. 

The device thus conceived is susceptible of numer- 
ous modifications and variations, all of which are within 
the scope of the inventive concept; all the details may 
furthermore t^e replaced with other technically equiva- 

45 lent elements. 

In practice, the materials used, so long as they are 
compatible with the specific use, as well as the dimen- 
sions, may be any according to the requirements and 
the state of the art. 

50 Where technical features mentioned in any daim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly, such ref- 
erence signs do rtot have any linrvting effect on the inter- 

55 pretation of each element kJentified by way of exairple 
by such reference signs. 
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Claims 

1. A contactless position transducer having high 
transduction linearity, comprising a resistive track 
provided with a capadtive wiper which can slide s 
without contact thereon, characterized in that said 
resistive track is supplied, at its terminals, with a 
potential difference in order to transfer charge to the 
capacitor of said wiper, and in that it also comprises 
high-gain anplifier means to which rectifier means io 
and integrator means are cascade-connected, the 
output of said integrator means being fedback to 
both terminals of said resistive track, said rectifier 
means allowing to transfer to said resistive track a 
voltage which corresponds to the charge trans- is 
ferred to the capacitor of said wiper as a conse- 
quence of the initial application of said potential 
difference, the voltage value that corresponds to 
saki charge being proportional to the position of 
sakd wiper along the resistive track. 20 

2, A transducer according to claim 1 , characterized in 
that said rectifier means comprise means for invert- 
ing the input signal. 

25 

3- A transducer according to claim 1 . characterized in 
that it also comprises means for normalizing the 
signal in output from said integrator means. 



the potential difference supplied in Input to the 
terminals of said resistive track, by virtue of the 
position of the wiper on said track; 
" highly amplifying the voltage obtained from 
each transfer of charge to the capacitor of the 
wiper and sending it to a synchronous rectifier 
and to an integrator; 

- feeding back to the terminals of said resistive 
track a voltage value which corresponds to sakJ 
transfen^ed charge in order to achieve balanc- 
ing; 

the measurement signal in output from 
the integration step being proportional to the 
position of said wiper atong the resistive track. 

8. A method according to daim 7, characterized in 
that said synchronous rectifier alternately inverts 
the sign of the signal in input thereto. 

9. A method according to daim 7, characto-ized in 
that during said feedback step a voltage value is 
fedback to both terminals of said resistive track, 
interrupting the supply of said potential difference to 
said resistive track. 



4. A transducer according to claim 1 . characterized in 30 
that saki amplifier means and said Integrator 
means have a high gain, such as to highly amplify 
the voltage ot>tained by each transfer of charge to 
the capacitor of the wiper. 

35 

5. A transducer according to claim 1 . characterized in 
that it comprises switching means for switching 
from the first operating step to the second operating 
step, for feeding back to said resistive track a volt- 
age value which conresponds to the charge trans- 40 
ferred to the capacitor of said wiper. 



6. A transducer according to claim 1 , characterized in 
that it comprises means for generating a first refer- 
ence voltage and a second reference voltage from 4S 
which sakI potential difference to be applied to the 
terminals of sakJ resistive track can be obtained. 



7. A method for measuring position by means of a 
contactless potentiometric transducer according to so 
claim 1 , characterized in that it comprises the steps 
of: 



~ applying a potential difference to the termi- 
nals of the resistive track of said transducer, so 55 
as to transfer a charge to the capacitor of the 
wiper of said track, said charge being propor- 
tional to a potentiometric division performed on 
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